Females of many species adjust their diet to support the energetic requirements of egg production. New research shows how, in flies, females remodel their gut and modify gut physiology too.
The ability to reproduce requires energy and, for females, much of this energy is spent on generating eggs. In order to maximize reproduction given finite resources, females must decide when to generate eggs, how many eggs to produce and how large those eggs should be. Inevitably, these decisions are made in the context of a female's nutritional condition, so that egg production is delayed, or egg size/number is reduced, when she is under dietary stress. The relationship between egg production and nutrition appears to be biologically ubiquitous. In almost all studied animal species, including our own, malnutrition delays the onset of egg production and slows or stops egg production if it has already started. Similarly, in many species, females will feed in anticipation of egg production and mating. It is therefore not surprising that reproduction is often associated with physiological changes in the organs involved in nutrient acquisition and processing, such as the gut, liver and pancreas. Nevertheless, whilst these phenomena have been well described, the mechanisms by which they are regulated remain largely unknown. An elegant new study by Reiff et al. [1] sheds light on these mechanisms: using Drosophila as a model organism, these authors show how hormonal signaling, organ remodeling, and egg provisioning are linked to maximize reproductive output.
In insects, the energetic requirements of embryogenesis are supported entirely by the egg, which typically comprises 30-40% lipids [2] . In many insect species, oogenesis (the production of egg cells) and vitellogenesis (the production of yolk) occur only in response to feeding, while starvation leads to reproductive diapause [3] . The link between nutrition and egg production in insects is mediated by juvenile hormone (JH), which, despite its name, is physiologically important in adults. JH is generated by the corpora allata and is essential to multiple physiological processes, including molting, metamorphosis, growth regulation, as well as egg production. Surgical removal of the corpora allata in grasshoppers and butterflies arrests egg development [4] , as does ubiquitous knockdown of the JH receptor in cockroaches [5] . In Drosophila, starvation or perturbation of the insulin signaling pathway -a major regulator of the nutritional response in all animalsresults in a suppression of JH synthesis and reproductive diapause [6] . Starvation also suppresses egg production through reduced JH synthesis in cockroaches (Periplaneta americana), moths (Manduca sexta) and mosquitos (Aedes aegypti) [3] . Collectively, these studies point to a central role for JH in regulating egg production in response to nutrition.
In many insects, however, nutrition is not the only regulator of egg production. In stark contrast to humans, where eggs (or rather secondary oocytes) are generated whether mating occurs or not, many female insects require one or multiple matings to stimulate egg production [7] . This is because most female insects store the sperm they receive until they are ready to lay their eggs [8] . Typically, ovulation is rapidly followed by fertilization from stored sperm and then oviposition. There is therefore no need to produce eggs until a female has the sperm to fertilize them. The production of eggs after mating is, in part, a response to seminal fluid and sperm. In Drosophila, for example, seminal proteins such as sex peptide and ovulin stimulate egg production and ovulation [9, 10] .
Given the ability of mating to stimulate egg production and the dependence of egg production on nutrition -in particular, lipids -one might expect mated female insects to increase nutrient uptake and lipid synthesis to support egg production. This should be particularly important in insects such as Drosophila, which produce hundreds of eggs in a very short period of time. It is not surprising, therefore, that mating stimulates an increase in feeding rate in female Drosophila [11] and increases the concentration of their gut content and fecal matter [12] , effects mediated by sex peptide. Similar changes in feeding and gut physiology are seen in lactating mammals, such as increases in the absorptive surface of the intestinal mucosa and the length of the gut tract [13] . Like the mammalian gut, the cellular composition of the Drosophila gut is highly dynamic and responds to nutrition and gut microbiota [14, 15] . An intriguing hypothesis is therefore that Drosophila females modify their gut morphology after mating to increase nutrient absorption and support the production of eggs. This is the hypothesis tested by Reiff et al. [1] .
The Drosophila gut comprises multiple parts but the primary digestion/ absorption area is the midgut [16] . There are three major types of cell in the midgut: intestinal stem cells (ISCs), which continuously divide to generate both digestive enterocytes and hormoneproducing enteroendocrine cells. Reiff et al. [1] found that upon mating there was a marked increase in the number of dividing and differentiating midgut cells, accompanied by an overall increase in gut diameter. Concurrently, they observed an increase in the expression of genes involved in lipid synthesis in the midgut enterocytes, genes that are also upregulated in the mammary glands of lactating mammals [17] .
As discussed above, the major regulator of egg production with respect to nutrition in insects is JH, and previous studies showed that JH levels also increase upon mating in female Drosophila, a response that is mediated by sex peptide [18] . Reiff et al. [1] also observed an increase in JH levels upon mating, and so they explored whether this increase in JH was responsible for changes in gut morphology. First, they blocked the production of JH using a genetic manipulation that removes the corpora allata in adults and found that females were unable to remodel their gut upon mating. Next they increased and decreased JH signaling in the ISCs alone, by knocking down expression of JH receptors and by increasing expression of a JH target, respectively. Knockdown of JH receptors blocked the proliferative response of the ISCs to mating, while overexpression of the JH target increased ISC proliferation even in virgin females. Finally, they showed that blocking JH signaling in the digestive enterocytes strongly reduced the mating-dependent transcriptional activation of genes encoding proteins involved in lipid synthesis. Thus, JH not only stimulates egg production in response to nutrition, but also appears to enhance nutritional uptake and processing in response to mating.
These mating-dependent changes in gut morphology and physiology are fascinating, but are unimportant if they do not actually facilitate and enhance egg production. Consequently, Reiff et al. [1] tested whether blocking the matinginduced changes in the gut impacted reproductive output. They found that mated females in which JH signaling is blocked in the enterocytes reduce their rate of egg production. Blocking the expression of lipid synthesis genes in the enterocytes had the same effect. Thus, the changes in gut morphology and physiology in response to mating are necessary to maximize the production of eggs. However, one final question remained -are these changes in the gut in response to, or in anticipation of, the nutritional demands of egg production? Reiff et al. [1] elegantly answered this question by showing that mating-induced changes in proliferation, midgut size and lipid-synthesis activation occurred even in females that are genetically unable to produce eggs. Instead, mating in these females resulted in the accumulation of peripheral fat. Collectively, these data indicate that gut remodeling in response to mating enhances nutrient uptake and lipid synthesis in anticipation of the demands of producing eggs.
These new data bring our understanding of the hormonal regulation of reproduction in insects to a new and more profound level and put JH at its core (Figure 1 ). Some questions still remain. Because JH levels are elevated in response to both mating and nutrition, does mating-induced gut remodeling and lipid synthesis further increase JH levels, through a positive feedback loop? Conversely, to what extent is matinginduced gut remodeling contingent on nutrition? Further, since sex peptide has been shown to increase JH levels, is mating-induced gut remodeling contingent on sex peptide from males? Finally, to what extent is the longestablished effect of JH on egg production mediated via gut remodeling and increased lipid synthesis? Given the tools that Reiff et al. [1] used to generate their data, these questions should be easy to answer.
More generally, these new findings are part of an important trend that links whole-body physiology with cellular-level molecular genetics. Recently developed genetic tools, particularly in Drosophila but increasingly also in other insects, have allowed physiologists to determine the effects of hormones at a subcellular level. The result is a far better understanding of the regulatory network by which systemically circulating hormones coordinate organ-autonomous processes, such as organ development and remodeling [19] . At the same time, it is clear that these processes, whilst elucidated in insects, share many of the same characteristics (and in many cases the same genes) as parallel processes in other species, including our own [20] . Given the range of pathologies associated with hormone dysfunction, a deeper understanding of how hormones regulate not just whole-body physiology but also cell proliferation and differentiation at the level of organs and tissues is essential.
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Nutritio n J u v e n il e hormo n e J u ve nile ho rm o n e Human infants use top-down information to learn the sound category of their language. A new study using an artificial language containing species-specific vocalizations shows that songbirds may rely on a similar mechanism.
There is a long and honorable tradition of studying animals to scrutinize the specificity of speech perception in humans. Take speech sounds, such as 'p' and 'b', as in 'pin' and 'bin'. Remarkably, humans perceive these sounds in a categorical fashion: series of sounds varying between 'pin' and 'bin' by small increments are perceived as a succession of the same sound except for a sudden jump between 'p' and 'b', right in the middle of the continuum.
Twenty years after the discovery of this phenomenon in humans [1] , categorical effects using the same speech sounds were reported in animals [2] . Other properties of speech perception initially deemed specific to humans, such as the perceptual invariance with respect to variations in speech rate and phonetic context, were similarly found in animals [3] . A recent study by Comins and Gentner [4] in Current Biology focuses on the learning mechanisms that could give rise to sound categories using songbirds. Speech category learning is, a priori, a good candidate for a dedicated mechanism. Even though the inventories of speech categories are variable across languages, infants learn them quickly, reliably, and without formal supervision [5] . In contrast, past a critical period, they are very difficult to learn, as becomes evident when adults learn a second language [6] . Finally, speech sounds do
